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FHEFAUE AND INSTRUCTIONS 


The а 


ог has included in this book the information and 
charts mostotten neededon piping jobs. 


The explanations and methods usec have been made as 
simple as possible so that you should have little difficulty 
in understanding them. 


Many of the cuts for fabrication in this bock are based 
on the inside diameter of the riser or branch to be titted onto 
the outside diameter of the header and should be cut 
radially with the torch cutting tip pointed toward the cen- 
terol the nipeatalltimes. 


Afler cutting, the risers may then be placed in position 
onthe headartor marking the header cut line. 


Miter cuts should Бо cut with the cutting Үр pointed into 
thelineas though you were using а saw cut. 


Pipe may be marked off in quarters, sighihs or sixteenths 
by using the table in this book, or by folding a piece of 
paper that has heen fitted around the circumference of the 
pipe sothatthe ends of this paper just meet. 


Тһе wraparound should be carefully fitted onto the pipe 
апа kept square so that you will have в true reference line. 


Note that tha fabrication charts are calculated for the use 
of standard weight and extra strong wall thickness pipe 
and ereaccurate for these wall thicknesses only. 
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«առար U ANGLES ANU iHEIR SOLUTIONS 


NOTE THAT ALL NINE OF THE FOLLOWING DRAWINGS 
SHOW A RIGHT TRIANGLE. The pipe fier usually cells the 
lengths of their sides (SET), (RUN) ond (TRAVEL). 

These terms may be used to fing the angles аз well as the 
lengths ef the sides, by «արուց to pages $ end 10 of thie 
book 


DRAWING “І Shows a 30° offset. The level run of pipe 
intersects the (TRAVEL) ot ० 307 angle. Ii the length of the 
(БЕТ) is known, the lengths of the (RUN) ond (TRA VEL) may 
be found by referring то page 10 under (ANGLE KNOWN) in the 
30° selunn. There formulas тау be used for any ans! 
shown in this table by use of the trigonometry robles in the 
bock of this bosk. 

DRAWING #2 Shows the came առոջխ ae before however 
the pipe now fe 1 ond in Te find 
the lengths of the (RUN) and (TRAVEL) refer to реве 10 under 
(ANGLE KNOWN) in the 609 column, Note that when the (БЕТ) 
side 19 longer thon the (RUN) side the ongle will always be 
тоге than a 455 angle, 

DRAWING #3 Shows а vessel with o nozzle thet is 30° 
aver from e reference line: If the dimension irom the loce of 


нанете the engl 


notele fu the sentociins: гі Мэнэн! ts ноша gov кой о 
See drewing "B for method of calculating the loying length of 
9 30° weldell. These dimensions added together gives you the 
length sf the (TRAVEL) side, To find the (SET) and (RUN) 
sides refer to page 10 under (ANGLE KNOWN). 

DRAWING 74 Shown ore two 60° offsets that ore steggered 
жа that equal spacing will be maintained at all centerlines of 
of the pipe, Note that there are two 30° triangles shown. FOR- 
MULA FOR STAGGERING OFFSETS = CENTER TO CENTER 
DISTANCE OF PIPE x TANGENT OF 9 THE DEGREES OF 
Tupu ОБ OFFSET The քոս» for AN? te 577: bor 459 ie 414 


ying length of а 30° waldell plus з welding neck Попе, 


is ANGUS сно THEIR SOLUTIONS 


£i 


STAGGERED OFFSETS | 
224° = Known x 199 
30° = Known х 288 


43° = Known x.a14 


эт? | 


60" + Known 


DRAWING #5 Shows the right triangle formed for a miter 
cut on іре, The angle of cut іс Й of the degrees of tum, 
FORMULA FOR MITER CUT OM PIPE = O.D, OF PIPE x 
TANGENT OF ANGLE OF CUT. Usually є single wraparound 
mark is drown on pipe ond И of the above dimension is marked 
off on each side of this libe, Refer to pages 13 through 19 for 
exemples of layout and calculated dimension tables, 

DRAWING 36 Shows а single piece ө! angle iron the! is cu 
and then bent ie form опе piece turn. On this type mark off o 

line ond layout о cutbock on each side of this line ва 
Type shown has a turn of 135° and requires two 671 
cutbacks. FORMULA FOR CUTSACK = WIDTH MINUS ONE 
THICKNESS x TANGENT OF ANGLE OF CUT. Refer १० 
iron brackets end tables of calcolcted dimensions for еде! 
information. 


DRAWING #7 Shows a piece of angle iren thet і eut ssress 
the yote]. widihs Two. plores өте required fer = tum. FORMULA 
FOR CUTBACK = WIDTH x TANGENT OF ANCI.E OF CUT. 
The cutback for other types of steel may be found with these 
formulas or they con be marked eff with a protractor. 


DRAWING 98 Shows o pipe turn of 807 and the two right 
triangles lormed to determine the laying length or end te center 
As the radios is generally known for waldells ond bends, the 

nd re center dimension cam be calculated, FORMULA = 
RADIUS x TANGENT OF ТНЕ DEGREES OF FITTING AND 
OR BEND. See table of calculated dimensions of long radius 
weldells in this book. 

DRAWING #9 Shows а 90° weldell rolled over 45° with o 
45® мады added to та РИ The cente 
fittings ०44०4 together form the (TRAVEL) side of a right 
wiengle. The (SET) and (RUN) sides moy be calevlered by 
referring te page 10 under (ANGLE KNOWN). АН types of fit- 
ting of fininga that are rolled over on angles 
may be solved by this procedure, 


i le ol hese 


or combinetien 


DRAWING #5 Shows the right triangle formed for a miter 
cut on іре, The angle of cut іс Й of the degrees of tum, 
FORMULA FOR MITER CUT OM PIPE = O.D, OF PIPE x 
TANGENT OF ANGLE OF CUT. Usually є single wraparound 
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DRAWING #7 Shows a piece of angle iren thet і eut ssress 
the yote]. widihs Two. plores өте required fer = tum. FORMULA 
FOR CUTBACK = WIDTH x TANGENT OF ANCI.E OF CUT. 
The cutback for other types of steel may be found with these 
formulas or they con be marked eff with a protractor. 
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nd re center dimension cam be calculated, FORMULA = 
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DRAWING #9 Shows а 90° weldell rolled over 45° with o 
45® мады added to та РИ The cente 
fittings ०44०4 together form the (TRAVEL) side of a right 
wiengle. The (SET) and (RUN) sides moy be calevlered by 
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ting of fininga that are rolled over on angles 
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i le ol hese 


or combinetien 


SOLUTION OF ANGLES BY THE USE ОГ 
TERMS FAMILIAR TO THE PIPE FITTER 
Piping angles end the lengthe of their sides may easily зе 
found by using the following methods. These are based on вом 
ing the angles and the lengths of sides of a пом trangle А 
noht triangle has three angles which adc to 180°, As one angle 
is always 99° the sum of theotner 2 ang'esalwzys add to 80” 


RULE FOR FINDING AN UNKNOWN ANGLE 
OR LENGTH OF AN UNKNOWN SIDE 
To tina an unknown angle you must know the lengths of any 
two sides, suchas the (SET and (RUN) 
To find the length ої an unknown side you must know the 
angieard the lengthotone sice, 


HOW TO USE THE TRIGONOMETRY TABLES. 
IN THE BACK OF THIS BOOK 
For angles of 45° or iess read the angles. constants, and 
minutesofa degree irom he торо the page down. 
Far angles о! 45" ог more read the angles. constants, and 
minutes ofa degree irom ine bottom of Ine page up. 


HOW TO FIND AN UNKNOWN ANGLE 
EXAMPLE: Rotor to the nining offset an page 4 ॥ the (SET) 
length is 10" and the (TRAVEL| length is 20" what в the angle 
of this offset? The table ТО FIND ANGLE is used and it shows 
that the (SET) divided зу the (TRAVEL) = the SINE o! this angle. 
10 divided зу 20 = 500 and by looking tor this figure in the SINE 
column of iie trigonometry tables и s found to be а 30° angle. 
‘the table also shows that the (TRAVEL) divided by the (SET) = 
the COSECANT of thie angie 


HOW TO FIND THE LENGTH OF AN UNKNOWN SIDE 

‘The offset above has ап angle of 30" the (SET) is 10" and 
the (TRAVEL) is 20” What is tne length of the (RUN) side? 
EXAMPLE: Refer to пе table ANGLE KNOWN and it shows that 
the (FUN) « the (TRAVEL) * the (COSINE) or 20 " 800-1722 
907१", Also the table shows that the (RUN) 7 the (SET) (00: 


TANGENT. 
NOTE” If the (SET) and (RUN) lengths а 
angleis 45" 
ID (SET) is less than the (RUN), Ine ancl is less 
an 457. 
SHOW THE ANGLE ON YOUR DRAWING BETWEEN 
THE (TRAVEL) AND (RUNI, 
(БЕТ) = side oppesite, (RUN) = side adjacent, 


the same, the 


(TRAVEL) - 


HOW TO FIND THE ANGLE 


WHEN THE LENGTHS OF 


3 SIDES ARE KNOWN. 


SET DIVIDED BY TRAYEL = SINE 


RUN DIVIDED BY TRAYEL = COSINE 


SET DIVIDED BY RUN 


TANGENT 


RUN DIVIDED BY SET - СОТАНСЕНТ 


TRAVEL DIVIDED BY RUN = SECANT 


TRAVEL DIVIDED BY SET = COSECANT 
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SOLVING ROLLING OFFSETS 


А rolling offset is nothing more than a plain ottset 
rolled over зо as to hold 2 dimensions as shown іп 
drawing (a) 

То figure a rolling offset you must find me distance 
It will take о той over straight piping to hold tnese 2 dimen- 
sions, This is shown in drawing (а) as piping with 90: 
Turns, When this distance is found the offset is figured the 
Same as a simple offsel The easy way to fing this distance 
is O measure across а steel square al 10" and 210” 
as shown in drawing at (а). The figure of 23%" thal Із 
Gbtained is the true amount of (SET) and is shawn again 
in true y ew at drawing [bl To find the amount of (TRAVEL) 
needed for any angle multiply this (SET) of 2014" x the 
COSECANT of the angle you are Using. In the crawing al 
(6) a 48° angle is shown. For а 45° angle multiply 251" 
x 1.414 = 33%", For а 30° angle multiply 23%" 32000 = 
Ка 

Tis distance of 2316", may also bo calculated by the 
use of square root; or may be calculated 1 те angle formed 
by the ТО" (SET) and 214," (RUN) is found. Reter to the 
able то FIND ANGLE) 21" divided by 10* 2.125 
This figure is the CONTANGENT of 25° 12" Now that the 
алеје is known refer to the table (ANGLE KNOWN) and 
Pole mat the TRAVEL = SET X СОЗЕСАМТ or 10" x 
25486 = 23%". This is the same figure that was ab 
tained on thé steel square. This method can te used Й 
the distances are greater than the length of a steel square 

In order to figure a rolling offset that wil also hold 
to a given dimension as at (c) in drawing (а). This can be 
Gore simply. Assume that dimension (c) 10 be 18" refer 
то мен (Б) end note that 23%" is the (SET). The 18” side 
is me (FUN). Use the lengths of these 2 sides to figure the 
angle, Refer 10 the table (ТО FIND ANGLE). Jt shows that 
the SET DIVIDED BY RUN = TANGENT ог 231" divided 
by 10° = 130565. The ing tables show this to be the 
Tangent of 52° 3%. For practical purposes call it 52°90" 
алд calculate the lengths o! the НОМ) and (TRAVEL) 
Sides for this degree. See table (ANGLE KNOWN). The 
The (RUN) sido equals 23%," x 7673 = 18". Tho(TRAVEL) 
side equals. 239 x 12665 = 29%" When the (SET) 
Side is Greater than the (RUN) side the sngie will be more 
than 48? angle and the angles in the trig tables are read 
fram the bottom ofthe pace uo. 
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B= DIMENSION "A" x .875 
с- DIMENSION "A" x 5 
L- CIRCUMFERENCE OF PIPE ОД. 
DIVIDED BY 4 
NUMBER OF ARMS = CIRCUMFERENCE 
OF PIPE 0.0. DIVIDED BY 5 
FIVE ARMS TO BE MINIMUM 


USE A RADIAL CUT. 
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ORANGE PEEL HEAD 


CONCENTRIC REDUCER LAYOUT 


Circumference of large pipe divided by No. of arms, 
Circumference of small pipe divided by No. of arms 


"C'* Differenceoipipe O. D's x 13 
N° = Number of arms = differenze of pipe O. D's x 


138 Minimum 4 arms. 


Draw wraparound line on ripe equal to cimension"C". 
On this line mark он divisions per dimension "А" 
Draw lines on pipehaltway between each dimension "А" 
Mark off dimension “8% сп these lines at end of pipe 
with у oneach side of line. 

Draw lines to connect points "छ" to points at wrap- 


around line. 
Burn out sections between arms using a radial cut 


then bevel arms. 


TEMPLATE LAYOUT FOR 
CONCENTRIC REDUCER 
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TEMPLATE LAYOUT FOR AN 
p u 
The use of a template for an eccentric reducer is simpler 
and mare accurate than marking об the pipe. Use sheet 
metal ог gasket material about У" thick. The material 
should be slightly longer than the pipe circumference. The 
widtn should be about 4“ more than dimension "E". Check 
the material and be sure itis exactly square. Fit the material 
around the circumference of the pipe and mark and cut it 
20 that the ends of material just meet on the pipe. The 
steps below should be followed. 
1. Draw a base line on the template 3" up from the edge. 
2. Draw а center line on the template in the exact center 
forarm1 
3. At this centerline on the base fine mark cff ур circum- 
ferences on eachsideoftemplate 


START THESE STEPS AT THE LEFT SIDE OF 
TEMPLATE AND REPEAT EACH STEP FOR 
THE RIGHT SIDE. 
1. At len езде of template mark dimension “F” trom base 
line. 

2. At this point mark off dimension 1), А for arm #4. 
3. Markoffdimension "B 
3. Mark offdimension "A" гат 03. 
5 
է 
7 


Mark offdimension "С 
Mark offdimension "A" forarm #2. 
At centerline of template mark off У, of cimension”A’ 
оп each side for arm #1 
8. Draw in lines for each arm to рх 
lina. 
Use a radial cut and bevel each arm after cutting. Heat 
and shape the bottom arm first, then heat the remain- 
, ing arms so that they may be pulled down as well as in. 


‘These eccentric reducers can be cut back for each larger 
sizeofpipe as required. 


8 marked оп base 


TEMPLATE LAYOUT 
FOR ECCENTRIC REDUCERS 
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ECCENTRIC REDUCER 
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Use aradialcut. 
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ECCENTRIC REDUCER (inches) 
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HOW то LAY OUT ORDINATE LIKES AND LERGT 
FOR А CONCENTRIC OR А TANGENTIAL NOZZLE 


Set а pair of dividers to a radius that will equal the 1.0. 
of the nozzle when it is to be fitted to the outside wall 
of the vessel, Set dividers for the 0.0. of the nozzle if 
itisto fit the incide wall of the vessel 


With dividers correctly set scribe an arc of 180° on a 
piece of gasket material ог sheet metal and draw а line 
across this half circle. 


Draw lines #0and#4 the length of this material 


Use dividers to step off each half of the semi-circle 
into 4 equal sections of 224०, At these points on 
half circle draw the lines #1, #2,and#3 as before. 


On a table or other surface scribe an arc at а radius 
that will equal the O.D. or the 10. of the vessel wall 
thet you will fit the nozzle to. 


Place marked off material in exact position you want on 
this аге and make sure it is square with the vessel, If 
you are making a tangential type nozzle be sure that the 
O.D. of the nozzle dees no! extend beyond the outside 
май of the vessel 

. Hold material in position and at high point of vessel 
wall draw а reference or wraparound line onto the mate- 
rial. Sometimes line 90 has a length so be sure you 
havethe high point. 
Scribe the vessel radius onto the material. You now have 
the ordinates lengths on the material, 
The template layout for either of these types is shown 
in the template layout section of this book. 
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ORDINATE LINES AND LENGTHS 


Spacing ordinatelines with dividers is recommended, how- 
ever these spacings can also be calculated. Line numbers 
below are from concentric type. 


Line #4=%% the LD. or the O.D. of tne pipe or nozzle. 
Line #1 = Dimension #4 < 3827 
Line #2 = Dimension #4 x 707 
Line #3 = Dimension #4 х 8239 
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SPECIAL OFFSETS (DRAWING 21 

Special offsets when the degree of rise & turn 
are known. 
FORMULA: The eosin 
cosine of degree of turn equols the cosine 
gree of elbow. 

Find the degree of the bottom elbow 

The casine of 459 rise is .707 times .866 the 
cosine of 109 turn equals -6123 the cosine of 
degree of elbow. From the trig tobles the degree 
thot has „6123 for its cosine is 520 - 14, This is 
the degree of the bottom elbow. 

The top elbow hos a tum of 609 ond is the 
complement of turn of the bottom elbow. The de- 
gree of rise always is the seme fer both elbows. 

Find the degree of the top elbow: 

The сезіле of 45° rise is 707 tines „500 the 
cosine of 600 turn equals .3535 the cosine of 
degree of elbow. From the ніс tables the degree 
thot has 1835 for ite cosine is 409 — 18". This is 
the degree af the tep elbow 

Find the lengths of the sides of the 2 right ti- 
angles: 

Use the 24 (SET) side of the 459 and figure 
the remaining sides. See pages 9 & 10 of this book 
under (ANGLE KNOWN) for method, Note that the 
(RUN) side of this angle is also the (TRAVEL) 
side of the 309 angle. 

The (TRAVEL) side of the angle of rise is the 
true length of the offset center to center. 

Find the cut length of pipe required: 

Refer to poges 7 & В of this book and crowing 
“З for method of calculating the end to center of 
above 2 elbows, оз these must be subtracted from 
the center to center of offset to give you the cut 
length required 
ALL SIMILAR OFFSETS NAY BE CALCULATED 
USING THIS PROCEDURE. 


f degree of rise times 


SPECIAL OFFSETS 
DRAWING #1 
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Special offsets when the degree of rise 4 turn ere 
notknown. 

FORMULA: The cosine о! degree of rise times the cosine 
of degree of tum equals the cosine of degree of elbow, 

In this example you Will паче to use ine dimensions 
of the 2 right triangles 10 figure the angles of rise and 
turn. Refer to pages 9 & 10 o! this book under “TO FIND 
ANGLE", You will find that the angle of rise ік 30% and 
the angle of turn Is 22"- 30". Use table (ANGLE KNOWN) 
forlengthsotsides. 

Using the cosine times cosine equals cosine formula: 

Thedegree of the bottom elbow 536" -52* 

‘Thedegree ofthe top elbow 18607 

Note that the top elbow is the complement cf risa of 
the bonom elbow, 90'-30" = 60". The degree o! ine 
top elbow. The (RUN) side сі the 30° angle is also the 
(TRAVEL) side ofthe 22*-30'angle. 

Тһе (TRAVEL) side of the angle of rise в the true 
lengthot the offset. 

Find thecut length of pipe required: 

Reter to pages 78 8 of this book drawing #8 for method 
о! calculating the centers of the above 2 elbows as these 
must be subtracted to give you the cut length required. 

All similiar offsets may be calculated using this pro- 
cedure. 

Note that any 2 cosines used will call for the same 
degree of elbow regardless of tholrrolationship. 


SPECIAL OFFSETS 
DRAWING ०२ 


То simplify the fobrication, handling, and 
installation off all special type offsets, it is rer 
commended that if at all possible lop joint Нела 
be installed at each end and in between the 2 ol- 
bows, In this wey the fabricator can ignore the 
complex roll os well сз Кеуіп io march bolt holes. 

On the opposite page are shown various types 
of special offsets with the degree of elbow needed 
for the bottom and tap. 

The table below shows some standard angle 
combinations with their cosines multiplied то 
give the degree of elbow required. Note that, the 
results will be the same regardless of which is 
the angle of rise and turn. 
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